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Abstract 
 
The work presents the results of investigation centred around the selection of a ceramic slurry composition if ceramic fibre is applied 
as a component of moulding material used for the lost wax technology. Producing a ceramic material of assumed parameters demands for 
changing the surface properties of the mineral grains. The critical concentration of solid particles or the gel point depends on the size of 
mineral particles, their shape and ability to aggregate. This ability has been achieved by modifying their surface properties by adding some 
polymer and the wetting agent (surfactant), which are adsorbed. Using the fibre material has required developing a method of its applying 
to the pattern set. The technology of multi-layer spraying has been recognised as the most advantageous one. The performed laboratory 
experiments have allowed for determining both the material composition and the parameters of its applying, such as air pressure, nozzle 
diameter, and the spraying distance for gravity pneumatic spraying gun. 
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1. Introduction 
 
A standard mould made with use of colloidal silica binder 
demands for air drying or drying under the reduced pressure for 
8  to 10 hours, depending on the shape of the cast item, to achieve 
a proper degree of solidification. Air motion, its humidity and 
temperature are the basic parameters of drying process [1,2,3]. 
The drying time prior to the subsequent layer applying can exceed 
24 hours if the item has got pockets, cavities, or other difficult for 
drying shapes. Recent years have brought a series of experiments 
aimed to improve the properties of silica bound moulding 
materials and to accelerate their binding process. Many types of 
latexes have been tried for this purpose, such as vinyl acetate, 
acrylic, polysulfide, butadiene-acrylonitryle, polychloroprene, 
styrene-butadiene and other ones [4, 5]. 
Butadiene-styrene latexes are of the greatest concern for 
precision castings as they have given the best results. They 
interact well when mixed with colloidal silica and do not emit 
harmful substances during mould burnout. Usually they are used 
in quantity of about 2% of the binder mass. The drying time for 
these materials is 4 to 6 hours. 
Applying of polymer-modified binders decreases the strength 
of moulds after burnout, but increases their permeability and 
flexibility [6]. Latex protects the previously sprayed layers from 
re-wetting by binding the particles of colloidal silica in an 
impregnating way during the drying process. After drying a 
vapour-permeable, but water-impermeable layer arises, which 
restricts soaking and accelerates drying. 
Another way of improving the crack resistance of the thin-
walled moulds is reinforcing the commonly used grain ceramic 
moulding material with ceramic fibre which, when introduced into the material, stops crack propagation and significantly 
enlarges the fracture surface. The crack resistance of ceramic 
materials can be therefore significantly improved by introducing 
fibre into the ceramic mould material.  A scheme of reinforcing 
action of fibres in the material is shown in Fig. 1. 
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Fig. 1. Energy absorption in fibre reinforced ceramics 
 
During the macroscopic crack propagation in the reinforced 
matrix some fibres of great strength bridge the crack and carry the 
load (3) or are little by little drown out (2, 4), while others – 
weaker – crack at the fissure surface (1); also the matrix cracking 
can occur (5). The unimpaired bridging fibre and the pulled out 
fibre act simultaneously stopping the crack propagation. For the 
technology of dipping and stuccoing the fraction of fibre 
components falls within the range of 0.5÷5 wt-% due to the 
rheologic changes occurring in the slurry after introducing the 
fibre material addition. More spectacular solutions have been used 
in moulds for superalloys and monocrystals, namely braids, mats, 
and fabric of oxide fibre (aluminium, silica, mullite) [8, 9]. 
Similar solutions have been applied as well for artistic casting 
[10]. There is also a search for other solutions. One of the 
research directions is introducing powder-like materials such as 
pozzolana, tuff, industrial or volcanic fly-ash, or microsilica as 
moulding material components [11, 12]. Shell strengthening 
emerges from the facilitated process of sintering of the matrix 
grains. 
The work has been aimed to determine the results of affecting 
the behaviour of ceramic grain-fibre suspensions by a mixture of 
surfactant and polymers. The obtained results have been expected 
to help in developing the technology of applying the moulding 
material by spraying method. 
 
 
2. Methodics and examination results 
 
To assess both fibre wetting by water silica binder and the 
possibility of producing the durable and uniform suspensions 
there have been prepared disperse systems composed of chopped 
aluminosilicate fibre, liquid binder, namely the silica sol of trade 
name “Sizol 030”, and modifiers such as 10% solution of sodium 
polyacrylate (Dispex N40), 10% solution of ammonium 
polyacrylate (Dispex A40), 3% solution of polyethylene oxide 
(PEO), 1% solution of polyethylene glycol (PEG), butadiene-
styrene latex (LBS 3030), as well as 0.1% solution of sodium 
dodecyl sulphate (SDS) as an anionic surfactant. The factory-
chopped and mechanically separated aluminosilicate fibre has 
been used, available under the trade name Kaowool HP-50-E-08, 
made by Thermal Ceramics, its characteristics being presented in 
Table 1. 
 
Table 1. 
Kaowool HP-50-E-08 fibre characteristics 
Property Value 
Colour white 
Temperature of continuous work [K]  1450 
Density [kg/dm3]  2.56 
Tensile strength [MPa]  103 
Modulus of elasticity [MPa]  841 
Average fibre length [μm] 800 
Average fibre diameter [μm] 4.5 
Chemical composition  SiO2 – 53 %; Al2O3 – 47 %
 
Slurries of various composition have been produced by 
changing fractions of fibre and additions, and retaining the 
constant quantity of the binder. Slurries have been produced by 
mechanical mixing with ribbon stirrer and subsequent ultrasonic 
mixing aimed to break the fibre clusters. The following order of 
adding the components has been adopted: first water has been 
added to the weighted amount of 12 g of binder, then the latex 
solution followed, and these components have been mixed for 15 
minutes with a stirrer of angular velocity 2 s
-1. After mixing 
respective agents have been introduced in the form of a polymer 
solution. The last component has consisted of a portion of ceramic 
fibre. The time of ultrasonic mixing has been 2 minutes. The 
prepared suspensions have been poured into transparent plastic 
containers of 50 l volume and their quality assessment has been 
done. 
The sedimentation cylinders have been used to analyse the 
behaviour of the fibre suspensions in presence of various agents. 
The quality of obtained ceramic slurries has been estimated both  
in respect of the fibre distribution uniformity in the suspension 
volume and the sedimentation deposit height after 24 hours. The 
pH value of suspensions has been checked for all experiments. 
Samples of 15 ml volume have been taken from the prepared 
suspensions with respect to the limited size of flat-bottomed 
sedimentation cylinders (27.5 mm in diameter, 70 mm high). 
Composition of the prepared suspensions is presented in Table 2. 
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Selected compositions of moulding materials prepared for 
examining suspension properties  
TC E08 
fibre  Water Modifier  LBS 3030
latex 
Exp. 
N
o
  [g] ([%])  [g] ([%])  [g] ([%])  Type  [g] ([%]) 
1  261 (13)  1307 (65)  301 (15)  Dispex 
A40  131 (7) 
2  294 (15)  1471 (74)   88 (4)  PEO   147 (7) 
3  121  (6)  1818 (91)      0 (0)  -    61 (3) 
4  203 (10)  1523 (76)  173 (9)  Dispex 
A40  102 (5) 
5  165  (8)  1653 (83)    99 (5)  Dispex 
A40    83 (4) 
6  216 (11)  1622 (81)    54 (3)  PEO.  108 (5) 
7  172 (9)  1717 (86)  26 (1)  PEO.  86 (4) 
8  203 (10)  1523 (76)  173 (9)  Dispex 
A40  102 (5) 
9  165 (8)  1653 (83)  99 (5)  Dispex 
A40  83 (4) 
10  454 (23)  1515 (76)  0 (0)  PEG  30 (2) 
11  454 (23)  1514 (76)  2 (0)  PEG  30 (2) 
12  454 (23)  1513 (76)  3 (0)  PEG  30 (2) 
13  1818(91)  0 (0)  61 (3)  PEG  121 (6) 
14  454 (23)  1514 (76)  2 (0)  Dispex 
N40  30 (2) 
15  454 (23)  1514 (76)  2 (0)  Dispex 
N40  30 (2) 
16  450 (23)  1500 (75)  20 (1)  Dispex 
N40  30 (2) 
17  446 (22)  1486 (74)  39 (2)  Dispex 
N40  30 (1) 
 
The quality assessment of suspension properties for the 
examined moulding materials prepared according to Table 2 is 
shown in Table 3. 
The influence of modifiers and the surface-active addition on 
the fibre arrangement in the volume of slurry has been assessed, 
as well as the durability of each suspension measured in terms of 
quantity and type of the arising sediment, and the binder 
behaviour regarding its gelation in presence of the used additions. 
The observation results in the shape of short behaviour 
description of the prepared materials can be found in Table 3. 
 
 
 
 
 
Table 3. 
The quality assessment of material suspensions 
Experiment 
number  Commentary 
1  gelation, dispersed fibre, lack of clusters 
(lumps), very uniform suspension,  
2  very uniform suspension, lack of lumps, 
though sediment rather low 
3  relatively high sediment, very non-uniform 
structure, fibre agglomeration (lumps) 
4  lack of gelation, uniform suspension, 
uniformly distributed fibre 
5  lack of gelation, uniform suspension, 
uniformly distributed fibre 
6  uniform with a solution over the sediment, 
high sediment 
7  uniformly distributed fibre (uniform 
suspension), high sediment 
8  lack of gelation, uniform suspension, 
uniformly distributed fibre 
9  lack of gelation, uniform suspension, 
uniformly distributed fibre 
10  low sediment, non-uniform suspension 
11  relatively high sediment, very non-uniform 
suspension, fibre agglomeration (lumps) 
12  high sediment, very non-uniform suspension 
13  relatively high sediment, very non-uniform 
suspension 
14  gelation, low sediment, fibre agglomeration 
(lumps) 
15  gelation, low sediment, fibre agglomeration 
(lumps) 
16  gelation, separation of layers, low sediment, 
lack of lumps, non-uniform suspension 
17  gelation, separation of layers, low sediment, 
lack of lumps, non-uniform suspension 
 
Working parameters of the gravity spray-gun have been 
selected experimentally by comparing the obtained effects of 
applying the moulding material on the pattern plates of 
dimensions 25×30 cm. The quality of applied material, continuity 
of stream during spraying, uniformity of applying, and thickness 
of the layer have been evaluated. The changeable parameters have 
included air pressure (2, 4, or 6 atm) and the nozzle diameter of 
the gun (2, 4, or 6 mm). 
The results of evaluation are shown in Table 4. Spraying 
continuity has been classified as: A – lack of stream, B – 
periodical stream, C – proper stream; and the quality of the 
material applied to the pattern set has been denoted as: 1 – lack of 
layer, 2 – non-uniform layer, 3 – uniform layer. 
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The quality assessment of applying the ceramic moulding material 
by spraying 
Nozzle 
Pressure  φ 2 mm  φ 4 mm  φ 6 mm 
2 atm  A - 1  B - 3  C - 3 
4 atm  A - 1  B - 3  C - 3 
6 atm  A - 1  B - 2  B - 2 
 
 
3. Conclusions 
 
The obtained results have been recognised as not satisfying 
for experiments 10÷17 (Table 3), for which samples exhibited 
single or multiple defects, i.e. low sediment, non-uniform fibre 
distribution within the slurry volume, their susceptibility to 
flocculation, as well as layer separation of liquid slurry 
components or their premature gelation. It should be noticed that 
the obtaining of high, uniformly distributed sediment not 
susceptible to fibre flocculation or layer separation is the most 
beneficial as far as industrial employing of the developed material 
is concerned. Such conditions are fulfilled by the material used 
for experiment 7 (Table 2, 3). 
Dispergation of solutions containing ceramic fibre by means 
of ultrasounds does not cause foaming and does not introduce a 
large quantity of air bubbles into the suspension, on contrary to 
the mechanical mixing. Moreover, observing samples with fibre 
not dispersed throughout the binder by means of ultrasounds, one 
can easily find fibre agglomerations taking form of floccules. 
Direct adding of the non-dilute polyacrylates (of Dispex type), or 
even of the large amount of dilute ones, results in sample 
solidification. If the Dispex N40 agent is used, the sediment 
height is almost constant irrespective of the quantity of this 
modifier, and in the presence of LBS 3030 the sediment is higher 
in every case. Latex addition makes suspension milky, besides, 
when first introduced into suspension, it gathers at its surface and 
already a gentle mixing motion distribute it over the whole 
volume. The addition of LBS 3030 results in high sediments, but 
while exceeding 10% LBS fraction relative to the binder amount, 
the sediment decreases. The experiments held in sedimentation 
cylinders, however, has not been confirmed for the case of 
concentrated suspension (slurries containing 3 g of fibre). 
The most advantageous nozzle with respect to the thickness of 
the applied layers is the one of 6 mm diameter, with simultaneous 
applying pressure of 2 or 4 atm. Such onsets allow for uniform 
spreading of ceramic material without a danger of stopping its 
stream. Simultaneously, at high pressure values the material 
particles have greater kinetic energy, so they remove the 
unbounded material when they strike the pattern surface. The gun 
nozzle of 2 mm diameter has made impossible spraying the 
pattern with the examined slurries, and for the Ø 4 mm nozzle and 
pressure values of 2 or 4 atm proper ceramic layers have been 
achieved despite the discontinuity of the applying stream. For the 
rest of cases periodical applying of suspension has appeared along 
with simultaneous removing the newly applied unbounded 
material. 
It has been observed for flat pattern plates that the best results 
of moulding material applying have been achieved for spraying 
from the distance of about 30 cm with simultaneous inclining the 
surface by about 15° to the applying stream direction. Patterns of 
different configuration may not require inclining. The most 
inconvenient surfaces are the flat ones placed perpendicularly to 
the spraying direction. 
The performed experiments enable to conclude that: 
-  surface modification of components is strongly influenced 
by the sequence of adding the reagents; 
-  applying of Dispex N40 in quantity of about 1% or 
Dispex A40 in quantity of about 7% results in gelation of 
material components in time shorter than 24 hours; 
-  interaction of PEO 200tys in amount of 1 wt part and 
LBS  3030 in amount of 4 wt parts in water solution 
causes the advantageous uniform distribution of fibre, and 
the obtained suspension undergoes no visible change in 
24 hours’ time; 
-  using the gravity spraying-gun for applying the fibrous 
moulding material allows for achieving a consistent and 
uniform layer at the following working parameters: 
operation pressure of 2 atm and gun nozzle diameter equal 
to 6 mm. 
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